$5 (a) 


C 
Sdn Technique — uL. 
o x 


, Set origin at neutral point (dampen has no effect) 
Select positive direction 


y Displace mass a small twe distance x, and gue it a. 
Small +ve velocity x. Release the mass. 


3) x Fi ==kx=CX= nx 


F c. k 
or | X + mx + mX=0 
2 
Wn 


= km >w 
Co mpane this with r3 =u, > $ 
¡be pial 


x K+ 2$9,X + uhx=0 


=1 


í = Damping factor (clamping ratio) : dependent on e : i 
^l 


Define Cal lorc.) to be vale ce to que $] 


- 
The form of the solution to * depends on the magnitude f $ 


35 (b) 


K+ 25w k + wex =o 


EN. l oven dam system CC, 
o 


Very sluggish response 

1 system will not vibrate 

! xt) = c exp (a) + C, emp Oot), Ao, co 

T system is too slow to be of interest to engines 


Response to step dicplacement- 
of |melen at 120 


overdamped ) $5 


"i 


NE ' critically dam ed system , C=C, 


' quite sluggish response 

: system will not vibrate 

"x(t = capa) + tap), Aso 

a system 15 too slow Fo be ofinterest to engineers 


35 (c) 
if $<) = Underdamped system, C £C. 


x(t) = Asinlwyt +d) exp -$ ost) 


Solution : 
| pe 
or Msn estat fog (Sot 


© System will oscillate at Frequency là = UVP Vi-§ 


* Oscillation amplitude decreases exponentially 


with time 


For vey small $ > WL Wy 
very slow decay 


and x(t) > A sin(wt +4) exp (=b n 


To summanize: > p --Àx-cxX = m% => 
5" Cu ox 
XK + m X + *x-0 j 
: Wy = R/m = Wn 
c 
m =2w, > § 


Compare with: 


X t 2 uk + ix <0 


35 (d) 
> xlt) = A sinw +q) exp(— wt) |, Wy = Wh Vi-$* 


Response to step displacement of (mele at + =o 


* vibration ‘Frequency wid does n vany with Eme 
we can approximate (Q4 71-5. = Wy, for small $ 
eg, if $-0*$ , Wy =0-954 Wh 


: y= an /wg exu, for very small f 


!o^ XQ) isa sinusoidal Function Asin(wy+ + 4), modulated 
(multiplied ) by a decaying exponential Tun cki on exp (- wat) 


Ea: Find t4, Wy, § x(t) 


m=/0 kh 
k, = 1000 w/m 
ka = 2000 Nim 


hy = 3000 N/m 
C, = 180 Ns[m 
C, = 180 N.5/m 


1) Define origin +o be eqiilibrium point 


Y Gwe mass «a small +ve XX 


3] = E = -hx-hx Rx — Gx — Cx = mx 
ea, We 
"| X +m X *wx-o, C m 6r e, = 2:70 NosIm 
X + 2 uk + wx =o k= kt hp ths = bo00 M/m 


5] uy = Nem = Vbo = 24.5 s~ 


24:5- 
u m ~ 24 Wn > %= 270/49 7 oss 


7] wa = Un Vi-f" = 245 M=osst “20.58” 


al x(t) = Asin (ugh + dept) 


35(4) 


Summary - 
5 Demped vibrackons "ES 


o X 
A os hhx = 
RRS | 

For underdamped case, §=c/e. <1: 

x() = A sinlwyt +d) exp ust 
!' ug -wVi-% 
C For oun simple case, critical value of damping C, 7 2 mu, 
Un” = kfm 
Next Lecture 


1 Damped Vibrations : < omple problems -Meriam ela 


